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(54) METHOD OF CONTROLUNG CRYSTALUZATION OF ORGANIC COMPOUNDS AND SOUD- 
STATE COMPONENT FOR CONTROLUNG CRYSTALLIZATION IN SAID METHOD 



(57) A method wiiich can control crystallizatbn of a 
biopolymer such as protein is provided. A silicon crystal 
(1^ whose valence electrons are controlled to be capa- 
t)le of controlling the concentration of holes or electrons 
of the surliace part in response to the environment of a 
buffer solution (14) containing the biopolymer such as 
protein is brought into contact with the solution (14). for 

FIG. 2 



getting a crystal of the bk>polymer deposited on the sur- 
face of the silicon crystal (15). Crystallization is control- 
led by an electrical state which is generated by the 
controlled valence electrons on the surfeca of the silicon 
crystal (15). 
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Description 

Te^nical Field 

The present invent'on relates to a method for posi- 
tively controlling crystallization oi organic connpounds, 
and more particularly, it relates to a method for control- 
ling aystallization of various biopdymers such as pro- 
tan by employing a semicorKductor sut>strate or the like 
whose valence electrons are controlled. 

Background Technique 

For understanding specif tc properties arvJ functions 
in various types of biopolymers such as protein and 
complexes thereof, detailed steric structures thereof are 
indispensable information. From the t>astc isiochemical 
viewpoint, for example, information on the three-dimen- 
sional structure of protein or the like serves as the basis 
for understanding the mechanism of function appear- 
ance in a biochemical system by an enzyme or hor- 
mohei Particularly in the fields of pharmaceutical 
science, genetic engirieering and chemical engineering 
among industrial circles, the three-dimensional struc- 
ture provides irrformation indispensable for rational 
molecular design for facilitating drug design, protein 
engineering, biochemical synthesis and the like. 

As a method of obtaining three-dimensional steric 
structural information of such biopolymers at atomic lev- 
els, X-ray crystal structural analysis is the most cogent 
and high-accuracy means at present. Analytic speeds 
are remarkak)ly improving by rapid improvement of arith- 
metic processing speeds of computers in addition to 
reduction of measuring times and improvennent of 
measuring accuracy due to recent hardware innprove- 
ment of X-ray light sources • analyzers, and the three- 
dimensional structures are conceivak^ly going to be clar- 
ified with the main stream of the X-ray crystallographic 
arialysis also from now on. 

In order to decide the three-dimensional structure 
of a biopolymer by X-ray crystal structural analysis, on 
the other hand, it is indispensat)le to crystallize the tar- 
get substance after extraction • purification. At present 
however, there is neither technique nor apparatus which 
can necessarily crystallize any substance when 
applied, and hence crystallization is progressed while 
repeating trial and error drawing on intuition and experi- 
ence under the present circumstances. A search by an 
enormous number of experimental conditions is neces- 
sary for obtaining a crystal of a biopolymer. and crystal 
growth forms the main bottleneck in the field of the X-ray 
crystallographic analysis. 

CrystalOzation of a biopolymer such as protein is 
basically adapted to perform a treatment of eliminating 
a solvent from water or an anhydrous solution contain- 
ing the polymer thereby attaining a supersaturated state 
and growing a crystal, similariy to the case of a general 
low molecular weight compound such as inorganic salt 



As typical m^ods therefor, there are (1) a batch 
method. (2) cfialysis arvJ (3) a gas-fiquid correlation dif- 
fusion method, which are chosen in response to the 
type, the quantity, the properties etc. of a sample. 

5 The batch method is a method of directiy adding a 
precipitant eliminating hydration water to a solution con- 
taining a biopolymer for reducing the solubility of the 
biopolymer and converting the same to a sdki phase. In 
tills method, solid anrunonium sufMe, for exeurple. is 

TO frequentiy used. This method has such disadvantages 
that the same requires a large quantity of solution sam- 
ple, fine adjustment of a salt concentration and pH is dif- 
ficult skiD is required tor the operation. arKf 
reproducibility is low. As shown in Rg. 45. for exanple. 

75 the dialysis, which is ova-coming the disadvantages of 
the batch method, is a method of sealing a solution 52 
containing a Copolymer in the interior of a dialytic tube 
51 for continuously changing ttie pH eta of a dialytic 
tuk>e outer liquid 53 (e.g.. a tauffer solution) and making 

20 crystallization. According to this method, the salt con- 
centrations of the inner and outer liquids arxl the pH dif- 
ference are adjustable at arbitirary speeds, and hence 
the conditions for crystallization are easy to find out As 
shown in Rg. 46. for example, the gas-liquid con-elation 

25 diffusion method is a technique of pladng a droplet 62 
of a sample solution on a sample holder 61 such as a 
cover glass and placing this droplet and a prec^itant 
solution 64 in a sealed container 63. tiiereby slowly set- 
ting up an equilibrium by evaporation of volatile compo- 
se nents therebetween. 

However, there.are various problems in crystaDiza- 
tion of a biopolymer such as protein, as described 
above in the present circumstances. Rrst. the crystallin- 
ity is not exceOent A biopolymer contains a large quan^ 

35 tity of solvent (mainly water) (g 50 volume %), 
dissimilariy to crystals of ottier substances. This solvent 
is disorderiy and readily movat)le in tiie intermolecular 
clearances of the crys^. Although the molecules are 
gigantic, further, ttiere is substantially no wide-ranging 

40 intermolecular packing contact in the crystel. and only 
slight molecule-to-molecule contact or contact by hydro- 
gen bond through water molecules is priasent. The crys- 
tallinity is not excellent due to such factora Second, it is 
extremely sensitive to crystal conditions. While the 

45 biopolymer is stabilized in the solvent by interaction 
between individual molecular surfaces, charge distrit>u- 
tions on the molecular surfoces. particulariy conforma- 
tion of amino acids in the vicinity of the molecular 
surfaces etc.. extremely vary with the environment, i.e.. 

so the pH, the ionic strength and the temperature of the 
solution, the type and the dielectric constant of the 
buffer solution and the like. Therefore, tiie crystallization 
process becomes a multi-parameter process in which 
complicated various conditions are entangled witii each 
55 other, and it has been inrpossible to estafc>lish a unif'c 
technique whkdi is applicable to any substance. As to 
protein, crystallization of hydrophobic membrane pro- 
tein is oetremely difficult at present atthough it is bio- 
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chemically extremely important as compared with 
water-solut)ie protein, and only two examples have 
heretofore performed crystallization and further suc- 
ceeded in analysis of high resolution. 

As described above, crystallization of biopolyme-s s 
such as protein and complexes thereof forms the most 
significant bottleneck for the X-ray crystal structural 
analysis since the same has heretofore been pro- 
gressed while repeating trial and error, although this is 
an irrportant process in science ard industry. There- 10 
fore, it is necessary to hereafter understand the basic 
principle 0I crystallization and develop a crystaOization 
technique which is applicable to any molecule 



Disclosure of the Invention 



IS 



An object of the present invention is to technically 
overcome the disadvantages of the conventional crys- 
tallization process which has been progressed while 
repeating trial and error with no existence of a technique so 
applicable to any substance due to the provision of var- 
ious properties as described above. 

In more concrete terms, the present invention aims 
at providing a method of controlling nudeation in an ini- 
tial process of crystallization of various btopolymers and 2S 
biological constructioris mainly fonned by biopolymers 
thereby suppressing or controlling mass formation of 
crystallites, and aims at providing a techrtique of grow- 
ing the same up to large-sized aystals which can ena- 
ble X-ray structural analysis. 30 

According to the present invention, a method for 
controlling crystallization of an organic compound con- 
tained in a solvent comprises a step of providing a solid- 
state component whose valence electrons are so con- 
trolled that the concentration of holes or electrons on 3S 
the surface part can be controlled in response to the 
environment of the solvent containing the organic com- 
pound, and a step of bringing the solid-state component 
irrto corrtact with the solvent containing the organic com- 
pound for depositing a crystal of the organic compound 40 
on the surface of the solid-state component wherein 
crystallization of the organic compound Is controlled by 
an electrical state brought on the solid surface by the 
controlled valence electrons. 

The present invention can be employed for crystal- 4S 
lizing various organic conrpounds such as aliphatic 
compounds, aromatic compounds and the like. Further, 
the present invention is preferably applied for crystalliz- 
ing compourKis such as amino acids, proteins, lipids, 
sugars and nucleic adds forming an organism, and so 
complexes and derivatives thereof, in particular, among 
organic conpcunds. The present invention is preferably 
applied for crystallization of biopolymers. 

According to the present invention, an organic conrh 
pound is d^x>sited on a surface of a solid-state oompo- ss 
nent allowing valence electron control. A semiconductor 
siAxstrate can be employed as such a solid-state com- 
ponent Semiconductors include those of simple sub- 



stances such as Ge, Si and ttie lite, and those of 
compounds such as Ga-As. CdS and the like. In tiie 
present invention, further, other materials can also be 
emrtoyed so far as valence dectron control is possble, 
and fenDelectrics such as barium titanate. strontium 
titanate and the like can also be employed, for example. 

Further, the senruconductor stbstrate which is tiie 
solid-state component can have a p-n junction f»rt. 
Namely, a semiconductor device (element) having p-n 
junction can t>e employed as the solid-state component. 

On the other hand, the solid-state component can 
have a groove, and can deposit the organic conpound 
in tfie groove. When a semiconductor sut^strate having 
p-n junction is employed as the solkj-state component, 
the p-n junction-part is preferat>ly exposed in the groove. 

In the present invention, the solvent is not particu- 
larly restricted so fer as the same is a liquid for hokiing 
the organic con^und to be crystallized. While water or 
an aqueois solution such as a buffer salt solution is 
employed in general, still another organic solvent or the 
like can also be employed. In the present invention, an 
electrolyte solution is preferably employed as the sol- 
vent 

In tiie method of the present invention, a space- 
charge layer may be formed on the employed solid-state 
component so that crystallization of the organic com- 
pound can be controlled by a surface poterrtial based on 
tiie space-ctiarge layer Furtiier, the surface potential 
may be made to vary witii the portion on the surface of 
tiie solid-state component whereby desired crystalliza- 
tion can be perfbnfied in a specific region of the solid- 
state component surface. 

The surface electric potential of the solid-state com- 
ponent or tiie electi'ical state of tiie surface can be con- 
trolled by tiie concentration of an impurity doped In the 
solM-state component. The concentration of the impu- 
rity contained in the solkJ-state component is different 
between the surface part and tfie interior of tiie solid- 
state component in general. 

In tie surface part of the solid-state component, tiie 
concentration of the impurity can t>e continuously or 
stepwisely reduced or Increased from a first prescrit^ed 
region to a second prescribed region. In tiie surface part 
of the solid-state component further, tiie impurity con- 
centiBtion can also be set to be maximal or maximum or 
minimal or minimum at a specific region. 

In the method of the present invention, the surface 
part of the solid-state component can at least have a 
first region and a second region which are different in 
impurity concentration from each other. Crystallization 
can be accelerated in either one of the first region and 
the second region, and the crystaOization can be sup- 
pressed in the remaining region. Such first region and 
second region can be twoKfimensionally arranged. 

According to the present invention, further, a crys- 
tallization control solid-state component enployed for 
tiie aforementioned method can be provided. Such a 
component comprises a semiconductor sii)8b'ate in 
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which an impurity is added to at least a surface pari for 
bringing a prescrft>ed surface electric potential, in order 
to control crystallization of the organic compound con- 
tained in the solvent. 

Brief Description of the Drawings 

Fg. 1 shows typical diagrams illustrating such a 
state that a crystal nucleus is fixed to the surface of the 
solid'State component and crystal growth progresses. 

Fig. 2 is a typical diagram showing an example of 
an apparatus for canying out the present invention. 

Rg. 3 is a typical diagram showing another example 
of an apparatus for carrying out the present invention. 

Ftg. 4 shows schematic sectional views illustrating 
examples of structures of silicon crystals employed as 
sofid-state components in the present invention. 

Rg. 5 shows schematic sectonal views Olustrating 
a process of forming the sofid-state component of the 
present invention. 

Fig. 6 is a schematic sectional view showing a 
sofid-state component having regions cSfferent in impu- 
rity concentration from each other. 

Rg. 7 shows schematic secticnal views Blustrating 
other soGd-state components having regions different in 
impurity concentration from each otiier. 

Rg. 8 shows schematic sectional views for iHustrat- 
ing such states that crystalfizatio/t is controlled in solid- 
state components having regions differait in impurity 
concentration from ea(*i other. . 

Rg. 9 is a perspective view showing a concrete 
example of tiie solid-state component in which regions 
different in impurity concentration from each other are 
two-dimensionally arranged. 

Rg. 1 0 is a schematic sectional view showing a part 
of the sdid-state component of Rg. 9. 

Rg. 11 is a diagram showing a surface charge den- 
sity distrtoution in the part of the component shown in 
Rg 10. 

Rg. 12 shows schematic sectional views showing 
an example of a fabrication process for the solki-state 
component shown in Rg. 9. 

Rg. 13 shows schematic sectional views iilustrating 
one example of a fabrication process for a solid-state 
component having grooves. 

Rg. 14 is a schematic sectional view showing a 
concrete example of a solid-state component whose 
inpurity concentration stepwisely changes. 

Rg. 15 shows diagrams illustrating a distribution of 
impurity concentrations and change of a surface electric 
potential in the soTid-state component shown in Fig; 14. 

Rg. 16 is a schematic secti'onaf view showing one 
concrete example of a sdid-state component whose 
impurity concentration continuously changes. 

Rg. 17 shows diagrams illustrating a distribution of 
impurity concentrations and change of a surface electric 
potential in the solid-state component shown in Rg. 16. 

Rg. 18 is a schematic sectional view showing a 



oonaete example of a solid-state component provided 
witti a region having the lowest impurity concentration in 
its central portion. 

Ftg. 19 shows cfiagrams illustrating a distrftxition of 
5 impurity concentrations and change of a surface el^rtric 
potential in the solid-state component shown in Fig. 18. 

Fig. 20 is a schematic sectional view showing a 
concrete example of a soBd-state conponerrt provided 
with a region havirtg the highest impurity concentration 
10 in its central portion. 

Fig. 21 shows cfia^ams illustrating a distrOxition of 
impurity concentrations and change of a surface electric 
potential in the solid-state component shown in Rg. 20. 

Rg. 22 Is a diagram for illustrating an electrical 
75 aggregation effect between a valence-electron-control- 
ling silicon sut>slrate and molecules to be crystallized by 
electrostatic interaction potentials in the electric double 
layer. 

Figs. 23, 24, 25 and 26 are microphotographs of 
20 crystal structures formed in Example 1. 

Rgs. 27, 28. 29 and 30 are microphotograpfe of 
crystal structures forrned in Example 2. 

Figs. 31. 32, 33 and 34 are microphotographs of 
aystal structures formed in Example 3. 
25 Rg. 35 shows typical diagrams showing a process 
of forming grooves on a silioon substrate. 

Figs. 36 and 37 are microphotographs of crystal 
structures formed in Example 4. 

Rgs. 38, 39 and 40 are nrncrophotographs of crystal 
30 structures formed in Exanple 5. 

Rgs. 41 , 42 and 43 are microphotographs of crystal 
structures formed in Example 7. 

Rg. 45 is a typical diagram showing an example of 
an apparatus employed for a conventional method. 
35 Rg. 46 is a typical diagram showing anottier exam- 
ple of an apparatus employed for a conventbnal 
method. 

Best Mode for Carrying Out the Invention 

40 

A biopolymeric substance such as protein has 
extremely large specific gravity dissimilarly to other low- 
molecular compounds. In the solution, intermolecular 
recognition is made almost by a geometrically specific 

45 structure and electrostatic interaction (electrostatic 
repulsive force • attraction and van der Waals force). In 
the intermolecular interaction based on electrostatic 
energy, it is predicted that the slight difference t^etween 
spatial charge distributions on individual molecular out- 

50 ernrK)st surfaces exerts decisive influence on the degree 
of the intermolecular recognition and easiness of forma- 
tion of a molecule aggregate. Therefore, rt is conceiva- 
tHe that, when a biopolymer having large specific gravity 
sediments and aggregates in the solution, tiie density of 

55 tiie ambient solution locally changes and ttie low-den- 
sity solution rises to cause convection, and hence 
homogeneous crystal growth is hindered. It is further 
conceivable that even if a crystal nucleus is formed, it 
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comes to that respective molecule aggregating around 
the nucleus are loosely bonded with each otha- when 
molecular structures and charge distrit)utions on the 
nudear molecular surfaces are getting unidentical due 
to influence by deraturation of the molecules (a phe- 
nomenon that steric structures enter defonned states), 
and hence the crystallinity \aw&s. 

According to the present invention, a solid-state 
component whose valence electrons are controlled is 
brought into contact with a Ik^id containing an organic 
compound to be crystallized, in order to stably form a 
crystal nucleus. The solid-state conponent can control 
the concentrations of electrons and holes from the sur- 
face in contact with the liquid toward the Interior, or In a 
section of the solid-state component, due to the valence 
electron control, thereby controlling the electrical prop- 
erties of the solkJ-state component surface vyTith 
respect to the polarity and charge quantities of the 
effective surface charges provided in the molecules to 
be crystallized, for example, it is possible to provide a 
solid-state component having a controlled charge quan- 
tity which is equivalent to the effective charge quantity 
per at least one molecule or in excess the-eof. Further, 
it is possible to provide a solid-state component surface 
having at least one or more electric properties selected 
from an ohmic property, a non-ohmtc property and such 
a property that the ohmIc property and the non-bhmic 
property are spatially intermixed with each other, with 
respect to the molecules to tie crystallized, by valence 
electron control in the solid-state component Such 
valence electron control may be gained by introducing a 
dopant into a semiconductor crystal in a prescribed con- 
centration to a prescribed region, for example. Accord- 
ing to the present invention, it is possible to fix a crystal 
nucleus to the surface of such a solid-state component 
by electrical action, for controlling growrth of the crystal 
on the surface of the solid-state component 

For example, Rg. 1 typically shows such a state 
that a crystal nucleus is fixed on the solid-state compo- 
nent surface and a crystal grows in accordance with the 
present invention. According to the present invention, a 
crystal nucleus 2 is fixed by electrostatic action to the 
surface of a solid-state conponerrt 1 which is brought 
into a prescribed electrical state, due to valence elec- 
tron control, as shown in Fig. 1(a). As shown in Rg. 
1(b), an organic compound such as protein aggregates 
on the solid-state component surface by electrostatic 
interaction, fbrn^tion of aystal nuclei is accelerated, 
and growth of a crystal is brought. Therefore, control of 
crystallization may be gained by controlling the electri- 
cal properties of the solid-state conponent surface. For 
example, the type, the quantity and arrangement den- 
sity etc. of the crystal nucleus fixed to the solid-state 
component surface can be adjusted by valence electron 
control, whereby control of crystallization is enabled. 
The formed crystal nuclei are fixed to the solid-state 
component surface, whereby it is also expected that 
small fluctuation of the nuclei resulting from convection 



or the like in the solution ^ suppressed, the molecules 
regularly aggregate in accordance with the formation of 
the nuclei, and the crystalfinily improves. 

Aggregateness of charged substances or mole- 

5 cules in an electrolytic solution generally d^nds on 
the sum of electric double layer repulsive force and van 
der Waals force therebetween and hence it is extremely 
. important to control the concentration of salt added into 
the electrolytic solution for adjusting a surface poterrtial 

10 in case of aggregating the sut^stances or the molecules 
with each other, while the present invention also has 
such an advantage that adjustment of the salt concen- 
tration is made easy or unnecessary since the electro- 
^tic property of the solid-state conponent surface can 

75 be previously adjusted by valence electron control. ' 

While the solid applied to such an ot^ect may be 
any sut)stance so far as the s£une is a substance having 
the afbremaitioned electrostatic property and being 
capable of controlling a charge amount and polarity and 

20 is a substanoe chemically stable in a solution, a semi- 
conductor crystal silicon can be one of preferai^le mate- 
rials. Now. the mechanism of crystallization reasoned 
out as to the case of employing a silicon crystal is here- 
after descrit>ed. However, the mecharusm described 

25 below can be also applied to another solid-state compo- 
nent employed in accordance with the present inven- 
tion. 

For example, consder an operation of depositing a 
aystal froni an electrolytic aqueous solution containing 

30 a bicpolymer having negative (effective charges, An n- 
type or p-type silicon crystal having valence electrons 
controlliad can be employed as the solid-state compo- 
nent. It is conceivable that a Schotti«y banrier Is formed 
with respect to an n-type sOicon surfece while ohmic 

35 contact is attained with respect to a p-type silicon sur- 
face when tile n-type or p-type silicon crystal is dipped 
in tiie electrolytic aqueous solution. On the surface of 
the n-type silicon, a surface electric potential d^ending 
on the electrolyte concentration of the aqueous solution 

40 is generated, while a space-charge layer region is 
fbrmed In the interior The space-charge anwunt also 
depends on the dopant concentration of tiie n-type sili- 
con. Therefore, it is reasoned out that the biopolymers 
having negative charges in the ^ectroiytic aqueous 

45 solution continue aggregation on the silicon surface until 
the same at least compensate for the positive space 
charges provided in the n-type silicon. On the p-type sil- 
icon surface, on the otiier hand, it is reasoned out tiiat 
the biopolymers regularly continue aggregation on the 

so silicon surface since holes are regularly supplied from 
tfie silicon side (ohmic property) with respect to the mol- 
ecules having the negative charges. It is conceivalsle 
with that aggregation and crystallization of the biopoly- 
mers limitedly occur with respect to the silicon surface 
55 which is fbrmed with the space-charge layer region, 
while aggregation of tiie biopolymers unlimitedly 
progresses with respect to the silicon surface where 
ohmic contact is fbrmed. While tiie crystallization of 
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molecules having negative effective charges have been 
described above, it is conceivable that in tfie case of 
crystallization of molecules having p)0sitive effective 
charges, crystallization progresses in a mechanism 
reverse to the above on the n*type silicon and p-type sil- 
icon. Namely, it is conceivable that aggregation of mole* 
cules are easy to progress on the n-type sflicon surface 
since large amounts of electrons are supplied from the 
silicon side (ohmic property) with reject to the mole- 
cules having positive effective charges. On the p-type 
silicon surface, on the other hand, it is conceivable that 
the molecules are aggregated on the sificon surface 
until the same compensate for the formed negative 
space charges. Therefore, it is conceivable that crystal- 
lization of the nrtolecules is limited on the p-type silicon 
surface. 

vytype and p-type silicon crystals employed for the 
present invention may be those having equivalent prop- 
erties to a silicon wafer employed in a general LSI proc- 
ess. The specific resistance of the silicon crystal may be 
within the range of 0.001 to 1000 Ocm, and that within 
the range of 0.001 to 1 00 Ocm is more desiratsle. As to 
the surface of the silicon crystal, a mirror-polished one 
is preferable for performing the control of the crystal 
nucleus. 

Further, it is also possit>le to employ a silicon crystal 
whose valence electrons are controlled to become an n 
type and a p type from the surface toward the interior 
(as a layered structure of a p type and an n type) . in this 
case, the silicon surface is forward-biased and holes are 
regularly suppfied from the silicon side to the surface 
with respect to the molecules having negative effective 
charges in an electrolytic aqueous solution. Thus, it 
conceivably comes to that the molecules having nega- 
tive effective charges electrostatically aggregate on the 
silicon surface. On the other hand, it is also possible to 
employ a silicon crystal which has valence electrons 
contrdied to become a p type and an n type from the 
surface toward the interior (as a layered structure of an 
n type and a p type), in this case, the silicon surface is 
reverse-biased with respect to an electrolytic solution 
containing the molecules having negative effective 
charges, whereby a depletion layer is formed in a p-n 
junction part, and hence space charges are generated. 
These space charges depend on an impurity concentra- 
tion necessary for performing valence electron control 
and its gradient and further on a surface electric poten- 
tial. Thus, it is conceivable that the molecules having 
negative effective charges aggregate on the surface 
until the same compensate with the ^sace-charge 
amount of the silicon, and it is reasoned out that the 
crystal growth goes different from that on the silicon 
wNch has valence electrons controlled to become an n 
type and a p type from the surface toward the interior. 
Namely, it is conceivable that while aggregation of the 
molecules unlimitedly progresses with respect to the 
fOHAard-biased silicon surface, aggregation and crystal- 
lization of the molecules are limited to progress until the 



charges are compensated with respect to the reverse- 
biased silicon In which the space-charge layer region is 
formed. 

The n-type and p-type silicon crystals employed for 

5 such a technique may be tiiose having equivalent prop- 
erties to a sHicon wafer employed in a general LSI proc- 
ess. The specific resistance of the sBicon crystal may 
witiiin the range of akxujt 0.001 to 1000 Ocm. and ttiat 
in the range of 0.001 to 100 Ocm is more desirabia Fur- 

10 ther. it is preferable that the surface of the crystal is mir- 
ror-polished, for suppressing formation of excessive 
crystal nuclei. 

In case of forming a layer containir^ an Impurity on 
the silicon sutsstrate surface in the present invention, 

75 the thickness of the layer is desirat)ly 0.1 to 200 fim. and 
more desirably in the range of 1 to 50 pm. The other 
range is not preferred since the layer is uneasy to pre- 
pare or becomes ineffective. 

While various ones are oonceivafc)le as preparation 

so methods for silicons valence-electron-controlled in an n 
type and a p type employed In the present invention and 
any method is employable, an ion irrplantation can be 
enpbyed as the metiiod which is simplest and capable 
of exactiy controlling an impurity concentration. In case 

25 of this melhod, valence electron control of the p type 
and n type can be readily performed k>y injecting ions of 
elements belonging to the group III and tfie group V of 
the periodic table into silicon and annealing the same 
respectively. B, Al, Qa. In. Tl and the like may be tine 

30 group III elements for making it the p type, and B is par- 
ticularly general. N, P. As. Sb. Bi and the like may be tiie 
group V elements for making it the n type, and R As and 
Sb are particularly general. 

In tiie case of forming p-n junction In the present 

35 invention, its thickness is preferably as fbllows. for 
exanple: In case of forming a p-type silicon layer on an 
n-type substrate, it Is advisable to fbmn. on the n-type 
silicon surface, the p-type silicon layer in the range of 
preferat)ly 1 to 200 }jm, more preferably 3 to 50 m^. The 

40 Other range is not preferable since the layer is uneasy to 
pr^^are or the effect disappears. This also applies to 
the case of forming an n-type silicon on a p-type sub- 
strate, and it is desirable to form the n-type layer of a 
similar thickness on tiie surface of the p-type silicon. 

45 In the present invention, a concave groove part may 
be formed by isotopic or anisotropic etching from the 
surface of the valence-eleclron-controlling soBd-state 
component toward its interior. The sdkl-state conpo- 
nent may be made to corrtain at least one or more impu- 
50 rity elements for valence electron control in it. For 
example, the steps of preparing a silicon crystal as the 
solid, forming n-type and p-type impurity layers from its 
surface toward the interior (identical to forming an n- 
type doping layer on p-type silicon), and working these 
55 by etching can form a groove which suff icientiy reaches 
tiie p-type layer. In this case, a region of a ^ce-charge 
layer based on tiie p-n junction is exposed on tiie 
groove section. When tills solid is dq3ped in an electro- 
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lytic aqueois solution cmtaining a biopolymer. aggre- 
gates of the biopofymer having large specific gravity 
may be assembled on the outermost strface of the solid 
and the groove part to form crystal nudei. Regions of 
the space-charge layer are present on botii side walls of 5 
the groove part whereby electrostatic attraction may act 
on nK>vafc>le electrolytic ions and hydrate water in the 
electrolytic aqueous solution and convection In the 
groove part may be suppressed. It is conceived that 
fluctuation of a convection speed in a solution modu- 70 
iates the supply of molecules to crystal nudei under the 
rate controlling by diffusion and hence exerts bad influ- 
ence on the crystellinity. It is expected tiiat the crystallin- 
ity of the molecules regularly assembled on the surface 
may be improved when the convection in tiie solution is 75 
suppressed by thus forming the groove part 

In the present invention, the groove part on silicon 
or the like can be formed by isotropic or anisotropic 
etching. In either method, it is advisat^le tiiat the groove 
is formed with a depth exceeding the thickness of the 20 
impurity layer formed in the surface layer. Le., In tiie 
range of preferably at least 1 to 200 ^m. more preferably 
at least 3 to 50 pan. In the other range, preparation often 
generally becomes uneasy. The width of the groove on 
the solid connponent surface, which relates to the size of 2S 
the crystal to be fonned. may be about 1 to 2 mm at the 
maximum in general, or may be not more titan 1 mm if 
circumstances require. A wet process enploying a gen- 
eral chemical agent of acid or alkali, and a dry etching 
method employing reaction gas can be a^^lied as the . so 
jsotropic or anisotropic etching, arvi these can t^e prop- 
' eriy chosen depending on the shape. tt)e wktth and the 
depth of the groove part. 

While the case employing semiconductor crystal 
silicon which is easy to valence electron control has 3S 
been described above, another material having a simi- 
lar function can be property employed for attaining the 
object. Further, any substance can be employed even if 
the same is not a semiconductor crystal so far as the 
same is stable in tiie solution, and inorganic com- 40 
pounds, organic compounds and organic polymers con- 
trolled In charge distribution, for exanple, can be 
candidates for tiie solid-state conponent for crystalliza- 
tion. 

It is conceivable that the technique of tiie present 45 
invention is appllcat)le to preparation of a molecular 
device or an immunoreaclion imitative device applying 
the function of biopdymers, for example. When the solid 
surface of silicon is finely worked and various biopoly- 
mers are fixed to the surface in accordance with the so 
present Invention, for example, it is expected possible to 
provide an apparatus which can detect information from 
the biopolymers serving as rectors by a semiconduc- 
tor device and electrically ti-eat ttie information. When 
silicon is employed, there are such advantages that the ss 
technique of integrated drcuits can be applied as such 
and sensing of various reactions and control of signals 
can be implemented in a single chip. In provision of 



such a device, it is expected titat the fixation of a crystal 
nucleus to the soTid-state component surface and the 
process of crystal growth according to the present 
invention are useful. 

Biopdymers utilize electrostatic interaction and 
stereospecrfidty in intermolecular recognitioa Electro- 
static f ixation of molecules to the sdid-state oomponertt 
surface according to the present invention can corre- 
spond to the aforementioned electrostatic interaction. 
When the groove part of the solid-state component is 
made to have action similar to tiie stereospedficy in the 
present invention, fixation of spedfic molecules on the 
solid-state component and crystal growtii thereof will 
become poss'ble, and it is expected that an electronic 
device employing a biopdymer rray be produced on the 
basis of this technique. 

Fig. 2 and Fig. 3 show more specific apparatuses 
for CEurying out the preserrt invention. 

In tiie apparatus shown in Fig. 2. a buffer sdution 
12 is stored in a container 11. and a dialytic membrane 
tube 13 is provktod therein. A sdid-state confiponent for 
crystallization contrd. such as a silicon crystal 1 5 doped 
with an impurity of a prescribed concentration, is stored 
rn the dialytic membrane tube 13. along with a mother 
liquor 14 containing a biopolymer. The dialytic mem- 
brane tube 13 is sealed witii a gasket 16. and dipped in 
tiie buffer solution 12. An opening of the container 1 1 is 
covo-ed witii a film 17. In this apparatus, dialysis is pro- 
gressed, while a crystal of tiie biopolymer is going to be 
deposited on the sifioon aystal 15 from ttie mother liq- 
uor 14. 

The apparatus shown in Rg. 3 is adapted to deposit 
a crystal on a solid-state conponent in a container 21 
(made of glass, for example) in accordance with the 
present Invention. A buffer sdution 22 is stored in a 
lower part of the container 21. On tiie otiier hand, a sin- 
con crystal 25 is placed on an upper part of the con- 
tainer 21 . and a droplet 24 of a mother Iquor containing 
a biopdymer is placed ttiereon. An opening of the con- 
tainer 21 storing ttie buffer solution 22 and the saioon 
crystal 25 receiving the droplet 24 is sealed with a cap 
27. Between the buffer sdution 22 and tiie droplet 24. a 
moderate equilibrium state is held with evaporation of 
volatile components in botii of them, and crystal deposi- 
tion of the biopolymer is made on tiie silicon crystal 25 
according to the present inv^ion. 

The silicon crystal employed in the present inven- 
tion may have eitiier structure shown in Rg. 4. for exam- 
ple. In a silicon crystal 30 shown in Fig. 4(a), n-type 
silicon 32 is formed on p-type alicon 31. or p-type sili- 
oon 32 is formed on n-type silicon 31 . According to tiiis 
layered stnxrture. a p-n junction part is formed. In a sili- 
con crystal 35 shown in Rg. 4{b), n-type or p-type 
regions 37 are formed on p-type or n-type silicon 36. In 
botii cases, surfaces 30a and 35a are preferably mirror- 
polished. 

As understood from the above description, a space- 
charge layer is formed in tiie solid-state component 



7 



13 



EP0 821 987 A1 



14 



according to the present inv&itk>n, so that crystalliza- 
tion can be controlled by the surface electric potential 
t>ased on the space-charge layer. The surface potential 
can be controlled by an impurity concentration in a senv 
ioonductor substrate employed as the solid-state com- 
ponertt of the present Invention, for example. For 
example, a soiid-state component which can exhibit a 
prescribed surface potential is obtained by preparing a 
semiconductor substrate 71 of high resistance as 
shown in Rg. 5(a). and irrtrodudng an impurity into a 
surface part to form a region 71a of low resistance 
(shown by slant lines) as shown in Fig. 5(b). In tiiis solid- 
state component, the impurity concentration of the sur- 
fece pcul and tiie impurity ooncentration in its interior 
are different from each other, and a space-charge layer 
is formed on the surface part 

Further, the surface potential may be so varied with 
the portion on the solid-state component surface that 
desired crystallization can be performed in a ^ecific 
region having a surface potential suitable for crystalliza- 
tion on the solid-state component surface. Such setting 
of the surface potential can also be controlled by the 
concentration of an innpurity contained in the solid-state 
conponent. Concrete examples of controOing crystalli- 
zation on solid-state component surfaces by varying 
concentrations of impurities are now described. 

Rrst as shown in Fig. 6, regions 1 a (shown by slant 
lines) having a high impurity concentration and a region 
lb having a low impurity ooncertration can be inter- 
mixed witii each other in a surface pari of a solid-state 
component 1 for controlling crystallization. In general, a 
semtconductpr sut^strate of silicon or the like is 
employed as the solid-state conponent 1. The impurity 
concentrations are set depending on the polarity and 
the charge quantity of tiie effective surface charges pro- 
vided in tiie molecules to be crystallized. On the surface 
which comes into contact with tiie solvent in crystalliza- 
tion, the surface regions having a high impurity concen- 
tration are of low resistance, and the surface region 
having a low impurity concentration is of high resist- 
ance. Thus, the formation of aystal nuclei may be spa- 
tially controlled when organic compounds such as 
biopdymers aggregate on the solid-state component 
surface by electrostatic interaction. Namely, modes of 
crystallization (particularly crystallization rates) differ 
between the region of high resistance and the region of 
low resistance, and it is possible to facilitate crystalliza- 
tion in one region while suppressing crystallization In 
the other region. Thus, crystallization of a desired mode 
is enabled in a specific place of the solid-state compo- 
nent Further, a nucleus of a crystal formed in the spe- 
ciTic region is fixed to the solid-state component surface, 
and subUe movement of the nucleus resulting from con- 
vection or the like in the solvent Is suppressed. There- 
fore, it is expected that the molecules are regularly 
assemtsled on the surface of the nucleus and tiie crys- 
taliinity is improved. 

As concrete examples of the solid-state compo- 



nents teving regions of different impurity concentra- 
tions, those shewn in Rg. 7 can be provided, for 
example. Rg. 7(a) shows an example in which regions 
of high-resistanoe n(p)-type silicon 82 are formed in 

5 low-resistance n(p)-type silicon 81. Rg. 7(b) stows an 
example in which regions of low-resistance n(p)-type sil- 
icon 81 are formed in high-resistance n(p)-type siGoon 
82 to the contrary. Referring to Rg. 7(c). patterns of 
high-resistance n(p)-type silicon 82 are formed on low- 

10 resistance n(p)-type silicon 81. Refemng Rg. 7(d). a 
layer of low-resistance n(p)-type silicon 81 is formed on 
high-resistance n(p)-type silicon 82. and grooves 83 are 
formed in the parts of the layer. In such a structure, the 
high-resistance n(p)^e silicon is set in the low-resist- 

15 ance silicon 81 . since the high-resistance n(p)<type siO- 
con 82 is exposed on the bottoms of tiie grooves 83. 
Attemativeiy. the grooves may have the shape as shown 
in Rg. 7(e). In the solid-state component shown in Rg. 
7(e), a layer of low-resistance n(p)-type silicon 81 hav- 

20 ing V-shaped grooves is formed on high-resistance 
n(p)-type silicon 82. and the high-resistance n(p)-type 
silicon 82 peeps out from tiie bottoms of the grooves. 
These high-resistance regions and low-resistance 
regions are formed by controlling the concentrations of 

2s impurities contained in silicon, as described above. 

The solid-state components shown in Rgs. 7(a) 
and (b) can be formed by previously forming masks of 
resist or the like on tiie silicon sut>strate surfaces and 
locally implanting ions, in accordance witii a general 

30 fabrication process for a semiconductor device or tiie 
like. While the solid-state components shown in Rgs. 
7(c), (d) and (e) are also prepared by a technique 
employed in a general fabrication process for a semi- 
conductor device, ions are first entirely inrplanted into 

35 the alicon substrate surfaces, and thereafter necessary 
patterns are formed local etching employing resist or 
ttie tike in these cases. On tiie soGd-state component 
formed with grooves, a nucleus of a crystal tends to flow 
into tiie groove part rather ttian on the plane, to be read- 
me ily stabilized in the groove. Thus, crystallization is facili- 
tated by the groove. Among these solid-state 
components, (a) and (b) are advantiageous for forming 
fine regions of not more than 1 ^im. If fine patterns are 
not much required, on the other hand, (c) to (e) are also 

45 sufficient. Further, it is conceivable that (c) to (e) are 
advantageously applicable to the case of providing 
crystallization functions for micromachines. for exam- 
ple, since the grooves are formed on the silicon sur- 
faces. While the examples errploying silicon substrates 

so have been illustrated, a similar solid-state component 
can be obtained by employing anottier semiconductor 
or still another material capable of valence electron cpn- 
frd. 

In case of intermixing the region of low resistance 
55 and the region of hig^ resistance on the solid-state com- 
ponent surface, crystallization can be comrolled in the 
mode as described bek)w. When tiie surface of tiie 
solid-state component is of a uniform resistance value, 
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nudei of crystals are produced at random on this sur- 
face. artJ crystal growth takes place, as shown in Fig. 
d(a). When crystal growth takes place in such arbitrary 
places of the solid-state component surface, a number 
of relatively small crystals are liable to be formed. When 
a region 91 of low resistance is studded with regions 92 
of high resistance as shown in Rg. 8(b). on the other 
hand, the manners of formation of crystals vary with the 
regions. When sut>stances have readily CTystaliized 
conditions (charged state and the Dke) with r^pect to 
the regions of high resistance, for example, nuclei of 
crystals are selectively formed on the Ngh-resistance 
regions 92, while formation of crystal nuclei is sup- 
pressed in the other region. Tharefore. growth of crys- 
tals selectively progresses on the high-resistance 
regions 92. and the crystals become relatively large. 
Thus, spatial control of crystalRzation is enabled by lim- 
iting the places where crystal nuclei are produced, and 
the sizes of the formed crystals can also be controlled. 

In the present invention, regions having different 
impurity concentrations can k>e two-dimensionally 
arranged on the solid-state component surfece. 
Namely, the regions having different irrtpurlty concentra- 
tions can be arranged in prescribed patterns in the 
solid-state conponent surface. The impurity concentra- 
tions are set depending on ttte polarity and tiie charge 
quantity of the effective surface charges provided in the 
molecules to be crystallized. Thus, when the molecules 
to be crystallized aggregate on the solid-state compo- 
nent surface by electrostatic interaction, even if charge 
diotributions on the molecular surface subtly change by 
the pH of the solvent denaturation of the molecules or 
the like, space charges corrpensating for the effective 
surface charges of the molecules are necessarily 
induced on the component surfaca Then, it is expected 
that two-dimensional formation of crystal nuclei is read- 
ily and preferentially perfonned. Further, the formed 
crystal nuclei are fixed to the component surface and 
small movement of the nudei resulting from convection 
or the like in the solvent can be suppressed, whereby it 
is expected that the molecules are regularly assembled 
on the surfaces of the two-dlmensionally arranged crys- 
tal nudei and the crystallinity is improved. 

A concrete example of the solid-state component 
which two-dimensionally arranges the regions having a 
different impurity concentration is hereafter shown. In a 
solid-state component shown in Fig. 9. for example, 
regions 91b Oow inpurity regions) having a low impurity 
concentration are regularly arranged to form a matrix, in 
a region 91a (high impurity region) having a high impu- 
rity concentration. In the vertical and transverse rows of 
the low impurity regions 91b, the intervals between the 
regions are substantially equal to eadi other. Rg. 10 
shows a section of a part of the solki-state component 
shown in Rg. 9. In the silicon substrate 91. the low 
inpurity regiwis 91b are formed substantially at equal 
inten^ls on the surface part. Rg. 11 shows a distribu- 
tion of surface charge densities in the part of the com- 



ponent shown in Rg. 10. Such a soikJ-state component 
can be prepared as follows, for example: A silkx)n sub- 
strate 91 having a low impurity concentration is pre- 
pared as shewn in Rg. 12(a). and a resist film 92 is 
5 formed thereon as shown in Fig. 12(b). Resist patterns 
are formed by a general method (Rg. 12(c)). and there- 
after ion implantation of an impurity is performed (Rg. 
12(d)). When the resist is then removed, obtained is a 
solkl-state component for crystallization control in which 
10 low impurity regiors 91b are arranged in a high impurity 
region 91a(Rg. 12(e)). The low impurity regions include 
fntit only regions containing an impurity in a prescribed 
low concentratfon, but regions hardly containing the 
impurity or regions substantially free from the impurity. 
IS A crystalEzatfon control solkl-state component can 
also be prepared by the process shown in Fig. 13. A sil- 
icon sut)strate 91 having a low impurity concentratfon is 
prepared, and then ion implantation of an impurity is 
performed on its overall surface, to form a high impurity 
20 region 91 a (Figs. 1 3(a), (b) and (c)). Then, an oxkJe film 
93 is formed thereon (Rg. 13(d)), whereafter resist films 
92 are deposited to fomi patterns (Rg. 13(e)). Parts of 
the Qxkie film not covered with the resist fWms are 
removed by etching {Fig. 13(0). and then the resist pat- 
25 terns are reamoved (Rg. 13(g)). Grooves 94 are fonmed 
by anisotropically etching the high impurity region 91a 
of the silicon substrate through the oxide film 93 (Rg. 
13(h)). A crystallization control soTid-state component 
having V-shaped grooves 94 can be obtained by remov- 
30 ing the oxide film (Rg. 13(0). In this solid-state compo- 
nent, low impurity regior© 91b peep out from the 
txjttoms of the grooves 94 formed substantially at equal 
intervals, and in such a structure, the low impurity 
regions are arranged in the high impurity region, simi- 
35 larly to that shown in Rg. 9. While silicon substrates 
have been employed in the aforementioned sdkl-state 
components, another semiconductor or still another 
material capable of valence electron control can be 
employed. Further, the arrangement patterns of the 
40 regions having different impurity concentrations can be 
varied depending on the crystal system or the lite of the 
target molecules. 

In relation to crystal formation of protein molecules, 
it has been reported tfiat an initial process of nucleation 
45 thereof is important Yonath et al. have dbserved a crys- 
tallization initial process of a gigantic ribosome subunit 
extracted by Badllus stearothermophiliua According to 
them, it has been mentioned that it is essential for the 
progress of crystalfization that the respective molecules 
so aggregate while taking a two-dimensionally regular 
structure (networi^. stellate, staggered or the like) as an 
initial process (Biochemistry International. Vol. 5. 629 - 
636 (1 982)). It is not dear whether or not this is essen- 
tial in common to all substances. Considering protein 
55 molecules which are generally hard to aggregate since 
intermolecular interaction is weak and the molecular 
surfaces are bcally charged, however, it is conceivable 
that, when the molecules serving as nuclei are two- 
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cfimensionally arranged in a state readily fonrdng crys- 
tals in an initial process of crystaDization. siddsequent 
groM^ of crystals^sitaxially smoothly progresses with 
the arranged molecules as nuclei. 

N/Vhile the examples where the Impurity concentra- 
tiof^ drastically change in the spectfic regions are 
shown in the above, the impurity concentrations may 
stepwisely or continuously change in the solid-state 
coirponent. Fig. 14 shows a concrete example having 
stepwisely changing Impurity concentrations. In a solid- 
state component shown in Fig. 14. three regions having 
different inrpurity concentrations are formed on the sur- 
face part of a silicon substrate 101 of high resistance, 
with a thickness D (^m). A f irst region 101a has the low- 
est impurity concentration, amd the impurity concentra- 
tions increase in order of a second region 101b and a 
third region 101c. The levels of the impurity concentra- 
tions are expressed by the densities of vertical lines in 
the figure, and the tNrd region 101c having the highest 
density of the vertical lines has the highest impurity con- 
centration. The relation between the surfiace positions 
and the impurity concentrations in the soOd-state conrv 
ponent shown in Rg. 14. and the relation between the 
surface positions and the surface electric potentials are 
shown in Rg. 15(a) and Rg. 15(b) respectively Refer- 
ring to Rg. 15(a) and Rg. 15(b), the horizontal axes 
show the positions on the solid-state component, and 
the vertical axes show the impurity concentrations and 
the surface potentials respectively. 

On the otiier hand, it is also possit)le to continu- 
ously change impurity concentrations, as described 
below. In a solid-state component ^x>wn in Rg. 16. a 
low-resistance layer 1 1 1 havirig a high impurity concen- 
tration is formed on a high-resistance layer 112 having a 
low impurity concentration, and an impurity in the low- 
resistance i£^er 111 has a concentration gradient 
Namely, ttie concentration of the impurity iricreases at a 
constant rate, as going from the left region toward the 
right region, as shown by the den»ties of vertical lines 
of the figure. The change of the impurity concentration 
on the surface position of the solid-state component and 
the change of the surfiace electric potential are shown in 
Rg. 17(a) and Rg. 17(b) respectively. As shown in the 
figures, the impurity concentration increases in a con- 
stant gradient, and tiie surface potential reduces in a 
constant gradient 

In a solid-state component shown in Fig. 18, a 
region having the lowest impurity concentration exists in 
the central portion and the impurity concentration 
increases as separating therefrom, in a low-resistance 
layer 121 fornied on a high-resistance layer 112. The 
relation between the surface positions and the impurity 
concentration arvl between the surface positions and 
the surface potentials are shown in Rg. 19(a) and Rg. 
19(b) respectively 

In a solid-state component shown in Rg. 20, a 
region having the highest impurity concentration is 
formed in the central portion and the impurity concen- 



tration lowers as separating therefrom in a low-r^ist- 
ance layer 131 formed on a high-resistance layer 1 12. to 
the contrary The relations between the surface posi- 
tions and the impurity concentration and between the 

5 surface positions and the ajrface potentials are shown 
in Figs. 21(a) and 21 (b) respectively 

For the progress of crystallization, it is important 
that nuclei serving as origins of cry^ls are formed. 
When these nuclei are formed everywhere at rardom. 

10 the crystals become relatively snr^H ones. In the solid- 
state components shown in Figs. 14. 16. 18 and 20. tiie 
surface potentials based on the space-charge layers 
induced in tine surface parts thereof also change in pro- 
portion to the impurity concentrations. Therefore, elec- 

75 trostatic properties are adjusted depending on the 
positions of the solid-state component, so that a posi- 
tion having a suitable electrostatic property for tiie tar- 
get molecule crystal may be provided. Even if tiie 
charge distribution in the surface of the molecule to be 

20 crystallized subtiy vary with tiie pH of the solution or 
denaturation of the molecule, therefore, the space 
charges compensating for the effective surface charges 
of the molecule are necessarily induced in some por- 
tions of the sdid surface, whereby the formation and 

25 control of crystal nuclei are readily performed. Wh^ the 
aforementioned solid-state components are employed, 
ttierefore. it is expected that the progress of the forma- 
tion of nuclei and the crystal growth center on ttie place 
which has a surfoce potential convenient for crystalliza- 

so tion and a large-sized crystal is obtained. Namely, a 
crystal largely grows about a prescribed place as the 
center. The formed crystal nuclei are fixed to the com- 
ponent suriace and small movement of the nuclei result- 
ing from convection or the like in the solvent is 

35 suppressed, wherek)y it is expected tiiat tiie molecules 
regularty aggregate around the nuclei and the crystallin- 
ity is inrproved. When tiie sd'id-state components 
shown in Figs. 14 and 16 are enployed. the region hav- 
ing a surface potential suitat^ie for crystallization is con- 

40 venientty fonned over a relatively wide area to form a 
crystal there. When the solid-state components shown 
In Figs. 18 and 20 are employed, on the of&^&r hand, 
tiiey are conceivably suitable for locally performing crys- 
tallization in exti-emely Gmited regions. 

45 Based on the atx3ve. now descril>ed is a mecha- 
nism in the case of employing the n-type silicon having 
a high-resistance region and a low-resistance region 
arxi crystallizing molecules (protein molecules, for 
example) charged in minus in a solvent In the case of 

so tiie n-type silicon, a depletion layer capacitance is small 
in a high-resistance 8ut>8trate since a dopant concerv 
tration is low and a wide space-charge layer is formed In 
tiie vidnity of the surface, and hence it is expected that 
tiie suriace potential induced on the silicon suriace is 
55 higher ttian that in the case of a low-resistance sut>- 
strate. This surface potential is reversed in polarity to 
the effective surface potential provided in the molecules 
to be crystallized, wheret^y aggregation of the mde- 
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cules is promoted by the action of eJectrostatic attractive 
force. When an island of high-resislance silicon is 
formed in a limited region of the low-resistance silicon 
surface, therefore, it is expected that the mdecules to 
be crystallized are hard to deposit in the low-resistance 
silicon region, arid that aystallization progresses with 
selective deposition on the region of high-resistance sil- 
icon. When an impurity ^ doped into a high-resistance 
n-type silicon 8ut>strate with the impurity concentration 
gradually changed to form a surface layer of low resist- 
ance in which the resistance cmtinuously changes, it is 
expected that crystallization is selectively performed at 
a portion where the balance is kept with the effective 
charges of the surface of the molecule to be crystal- 
lized, in the low-resistance silicon region of the surlace. 
While description has been made as to the case of 
employing n-type silicon. crystalGzation can be control- 
led by a similar mechanism by employing p-type silicon, 
in crystalQzing the molecules charged in plus in a sol- 
vent. 

Rg. 22 is a diagram for illustrating electrical aggre- 
gation effects between the aforementioned silicon sub- 
strate and a protein molecule and between a pluralrty of 
protein molecules, by electrostatic interaction potentials 
in the electrical double layer. Referring to Rg. 22. a 
^ curve (1) shows the potential energy between the pro- 
tein molecules of the same polarity (assumed to be neg- 
ative polarity), and r^ulsive force regularly acts. On the 
other hand, a curve (4) is an interaction energy curve 
between the protein molecule and an n-type silicon sub- 
strate region of a low impurity concentration, and large 
attraction regularly acts between them. An interaction 
energy curve between the protein molecule and an n- 
type silicon substrate region of a high impurity concen- 
tration is (3). and attraction regularly acts while its inter- 
action energy is low as compared with the curve (4). A 
curve (2) is an interaction potential curve between a 
protein molecule whose surface charge is so compen- 
sated that tiie surface potential is zero volt and a protein 
molecule of negative polarity It is understood that 
attraction gets to regularly act by the fed that tiie sur- 
face charge of one molecule becomes zero, though 
repulsive force regularly acts as the intermolecular force 
in the curve (1). 

While tiie present invention is now more concretely 
illusti^ated. the scope of the present invention is not 
restricted by the following concrete examples. 

Examples 

Example 1 

In order to investigate whether protein crystals are 
formed depending on tiie defective density of silicon 
surface, the following experiment was made: Hen egg 
white lysozyme (Lysozyme. from Chicken Egg White) 
was dissolved in a standard buffer solution of pH « 9. 1 8 
in a concentration of 50 mg/rnl. and 3 ml thereof was 



enclosed in a suffidentiy boiled\vashed dialytic tube 
witii a silicon crystal. As such a silicon crystal, tiiose of 
the following four types were empfoyed respectively 
Specify resistance values of p-type silicons are all 1 0 to 
5 l^Oom. 

(1) Epitaxial Wafer: p on p4-. provided wrtii a surface 
CBode fOm of about 50 nm 

(2) Epitaxial Wafer: p on pf . wherein a surface 
10 oxkle fOm is rentoved 

(3) CZ Wafer: p-type, provided wifli a surface oxide 
film of about 50 nm 

(4) CZ wafer p-type, wherein a surfece oxide film is 
removed 

75 

Surface crystal defects of tiie CZ silicon wafers 
(wafers of a silicon single crystal pulled by the Czochral- 
ski method) are alDout 10 per square centimeter unit 
while surface defects of the epitaxial silicon wafers are 

20 substantially zero, so that surfece defect density 
dependency of protein crystal growtti can be investi- 
gated by errploying tiiese crystals. The aforementioned 
silicon crystate of (1) to (4) were cut into sizes of about 
2 by 5 mm. and dipped in dialytic tubes containing lys- 

25 ozyme. Further, these dialytic tubes ware dipped in 
standard buffer solutions (20 ml) of pH = 8.9. and kept in 
a cool dark place of IC'C. The apparatus for crystal 
deposition is as ^own in Rg. 2. for exarrple. 

After kept in tiie cool dark place for 72 hours, the 

30 samples were taken out and crystals of lysozyme were 
observed witti a microscope. Rg. 23 to Rg. 26 show tfie 
results of tiie aforementioned Example. Rg. 23, Rg. 24, 
Rg. 25 and Rg. 26 correspond to tiiose employing tiie 
silicon crystals of (1), (2). (3) and (4) respectively. The 

3S figures demonstiHte that presence/absence of tiie 
defects on the crystal surfaces exwts no influence at all 
on tiie formation of crystal nudei and tiie crystal growtii 
oflysozyma 

40 Example 2 

An aqueous solution of lysozyme having the same 
concerrtration as Example 1 was empfoyed, for making 
the following experiments. The following silicon crystals 
45 were prepared. 

(1) Sample forming n-type Silicon Layer on p-type 
Sut>8ti'ate 

A p-type silicon wafer having a specific resist- 
so ance of 10 to 20 Ocm was subjected to ion Implan- 
tation of phosphorus in a dose of lO'^^/cm^. and 
then annealed in nitrogen at 1 150*C for 8 hours, for 
forming an n-type layer. The specific resistance of 
ttie n-type layer was 0.1 to 1 .0 Ocm. and the deptii 
55 of the layer was 3 to 4 ^m. This sample is referred 
toassample-1. 

(2) Sanple forming p-type Silicon Layer on n-type 
Substrate 
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An n-type sficon wafer having a specific resist- 
ance of 5 to 10 ncm was sut)jected to ion implanta- 
tion of boron in a dose of lO'^^/cm^. and then 
annealed In nitrogen at 1150''G for 8 hours, for 
forming a p-type layer. The specific resetance of 
the p-type layer was 0.1 to 1.0 ncm, and the depth 
of the layer was 3 to 4 pra This saniple Is referred 
to as sample-2. 

The aforementioned silicon samples of (1) and (2) 
were worked into sizes of about 2 by 5 mm. washed, 
and then enclosed in cfialytic tubes with 3 ml of the 
aqueous sotutbns of lysozyme. The pHs of the stand- 
ard buffer solutions as the outer liquids were set at 6.9 
and 4.01. 

Fig. 27 to Rg. 30 show the remitting crystals of lys- 
ozyme grown on the silicons after keeping in a cool dark 
place of 1 0^C for 72 hours. Rg. 27 shows the result from 
the employment of sanple-l and the buffer solution of 
pH 6.9, Rg. 28 shows the result from the employment of 
sample-l and the buffer solution of pH 4.01 , Rg. 29 
shows the result from the employment of sample-2 and 
the buffer solution of pH 6.9, and Fig. 30 shows the 
result from the employment of sample-2 and the buffer 
solution of pH 4.01 . 

(1) Sanple-I 

It is understood that aystals of lysozyme disor- 
deredly deposit on the wafer surfece in the case of 
performing dialysis with the buffer solution of pH = 
6.9. It is understood that crystals of lysozyme also 
still disorderedly d^DOSit in the case of employing 
the buffer solution of pH a 4.01 though the crystal 
sizes are slightiy large. 

(2) Sample-2 

In the case of performing dialysis with the 
buffer solution of pH = 6.9. lysozyme crystals of 
large sizes of about 0.5 mm deposit. In the case of 
employing the buffer solution of pH = 4.01, large 
lysozyme crystals of at^out 0.5 mm still deposit 
From the atx)ve. crystal growtii is excellent in sanv 
ple-2 £18 compared with sample-1, and it indicates 
that control of aystal growth is enafc)led by forming 
a p-type lE^er on an n-type sOlcon wafer by valence 
electron control of a siGcon sut^strate. by control of 
doping to the silicon wafer in this case. 

From the results shown in the aforementioned 
Exarrples. it has been found ttiat crystallization of 
biopolymers can bs controlled on semiconductor crystal 
surfaces which have valence electrons controlled. 

Example 3 

An aqueous solution of lysozyme having the same 
concentration as Example 1 was enployed, for making 
tiie following experiments. The following silicon crystals 
were prepared. 



(1) p-type CZ Wafer (wher«n an oxkie film is 
removed), with a specific resistance of 10 to 20 

(2) n-type CZ Wafer (wherein an oxide film is 
5 removed), witii a specific resistance of 4 to 8 Ocm 

The aforementioned silicon samples (1) and (2) 
were worked into sizes of about 2 by 5 mm, washed ard 
then enclosed in dialytic tubes with 3 ml of the aqueous 

10 solution of lysozyme. The standard buffer solutions of 
the external liquids were prepared in two types of PH 
9.1 and PH 6.9. 

Rg. 31 to Fig. 34 show the resulting crystals of lys- 
ozyme grown on sflicon after keeping in a cool dark 

IS place of lO^C for 72 hours. Fig. 31, Fig. 32. Fig. 33 arvl 
Fig. 33 correspond to the corxiition of the silicon (1) and 
pH 9.1. the corKOtion of the silicon (2) and pH 9.1. the 
condition of the silicon of (1 ) and pH 6.9, and the condi- 
tion of the silicon (2) and pH 6.9 respectively. 

20 In the case of performing dialysis with the buffer 
solution of pH B 9.1, crystals of lysozyme disorderedly 
deposit on the p-type CZ wafer surface. On the otho- 
hand, it is apparent that only relatively large-sized crys- 
tals deposit in a small quantity on the n-type CZ wafer 

25 surfece. In the case of pH s 6.9. crystal growth disor- 
deredly takes place in both of the p type ax)6 the n type, 
and it is understood that there is no significant drffer- 
enca From these results, it can be inferred tiiat tiie mol- 
ecules have negative diarges as a whole in the case of 

30 pH B 9.1 since the cartxsxyl groups that are ackl groups 
among the hydrophiGc amino adds in the lysozyme mol- 
ecules mainly dissociate, and the lysozyme molecules 
aggregate and crystallize so as to compensate for the 
space charges on the non-ohmic n-type silicon surface. 

35 In the case of the neutral buffer solution of pH = 6.9, on 
the other hand, it is inferred that crystal growth disor- 
deredly progresses since the positive and negative sub- 
stantially electrostatically balance with each other in the 
lysozyme molecules and ohmc properties are provided 

40 for bath p-type and n-type silicon surfeces. 

The results shown in the aforementioned Example 
reveal ttiat since tiie charge distritxitions on the surfece 
of tiie biopolymer to be crystallized vary with the pH of 
the solution, it is effective for the crystallization control of 

45 the biopolymer to employ a semiconductor sulfate in 
which the valence electrons are controlled according to 
the properties of tiie biopolymer. 

An example employing the solid formed with 
grooves is now described. The grooves can be formed 

so as shown in Fig. 35. for example. Rrst, a silicon sub- 
sti-ate 41 IS prepared (Rg. 35(a)). Then, an Si02 film 42 
is formed on the substrate 41 (Rg. 35(b)). After the SiOe 
f am 42 is etched into the prescribed pattern (Rg. 35(c)). 
the silicon substrate is etched by general anisotropic 

55 etching, for example (Rg. 35(d)). A silicon substrate 41 ' 
having grooves 43 is obtained by then removing the 
Si02film. 
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Example 4 



An aqueous solution of lysozyme having the same 
concentration as Example 1 were employed, for making 
the following experiments. The following silicon crystals s 
were prepared. 

(1) Sample forming p-type Silicon Layer on n-type 
Substrate 

An n-type silicon wafer having a specific resist- io 
ance of 5 to 10 Ocm was subjected to ion implanta- 
tion of boron in a dose of l0'*^/cm2, and then 
annealed in nitrogen at 1150**C for 8 hours, for 
forming a p-type layer The specific resistance of 
the p-type layer was 0.1 to 1 .0 Ocm. aad the depth is 
of the layer was 3 to 4 iim. This sample is refen-ed 
toassample-l. 

(2) Sample forming p-Type Silicon Layer on n-type 
Sut)strate and then forming Concave Groove Part 

by Chemical Etching 20 

An n-type silicon wafer having a specific resist- 
ance of 5 to 10 ncm was subjected to ion implanta* 
tion of boron in a dose of lO^^/cm^, and then 
annealed in nitrogen at 1150*C for 8 hours, for 
forming a p-type layer. The specific resistance of 25 
the p-type layer is 0.1 to 1 .0 ncm. and the depth of 
the layer is 3 to 4 (im. Then an SiOs film of at>out 
200 nm was formed on the sample surface by a 
thermal CVD apparatus, and then the SiOg film on 
.the surface was etched to form a pattern whose 30 
^Jines and spaces were 500 ^m respectively. This 
was dipped in an aqueous solution of potassium 
hydroxide (KOH) to form V-shaped groove parts by 
anisotropic etching. The depth of the groove parts 
was 5 \im. Finally the Si02 film of the surface was 35 
removed to expose silicon on the surface. The sam- 
ple okjtained in the aforementioned martner is 
refenred to as sample-2. 



The aforementioned silicon samples (1) and (2) 
were worked into sizes of about 2 by 5 mm. washed and 
then enclosed in dlalytic tubes with 3 ml of the aqueous 
solution of lysozyme. The pHs of the standard buffer 
solutions of the external liquids were set at 9.01 at 25''C. 

Fig. 36 and Rg. 37 show the resulting crystals of 
lysozyme grown on the silicons after keeping in a cool 
dark place of lO^'C for 50 hours. Fig. 36 and Rg. 37 cor- 
respond to that employing sample-1 and that employing 
&ample-2 respectively. 

(1) Sample-1 

While single crystals are present among the 
crystals of lysozyme depositing on the wafer sur- 
face, twin crystals are also considerably great in 
number. This is conceivably because heterogenous 
nucleation took place by convection of the electro- 
lytic solution in the aqueous solutioa 

(2) Sanple-2 



Lysozyme single crystals of about 0.1 mm in 
size deposit. In this case, no twin crystals were 
present, and hence it is inferred that crystallization 
progressed excellently 

As to the above, aystal growth is superior in sam- 
p!e-2 as compared with sample-1, and it indicates that 
crystal formation is oontrollat>le by the formation of 
grooves. 

The results shown in the aforementioned Example 
reveal that It is possble to control crystallization of 
tnopolymers on the senvconductor crystal surfaces 
which have the valence electrons controlled. 

Example 5 

The hen egg white lysozyme employed In Example 
1 was dissolved In a standard buffer solution of pH = 9.1 
in a concentration of 50 mg/ml, and 3 ml thereof was 
enclosed In a sufficiently boiledAwashed dialytic tube 
along with a aiicon crystal. As such a silicon crystal, the 
following two types were ennployed respectively: 

(1) Sample of Low Impurity Concentration (High- 
Resistance) n-type Saioon (Sample-1). 

An n-type silicon substrate having a specific 
resistance of about 20 Ocm. 

(2) Sample of n-type Silicon Having Intermixed Low 
Impurity Concentration and High Impurity Concen- 
tration (High-Resistance and Low-Resistance) 
Regions (Sample-2). 

An n-type silicon substrate wherein the regions 
of 2 mm square are alternately rendered high-resis- 
tive (atxjut 20 ncm) and low-resistive (about 0.1 
Ocm). The low-resistive region was prepared on a 
high-resistive n-type substrate by ion implantation 
of phosphorus atoms in accordance with a conven- 
tional method. 



40 The above silicon crystals (1) and (2) were cut into 
sizes of about 5 by 10 mm. and dipped in dlalytic tubes 
containing lysozyme. Further, these dialytic tubes were 
dipped in a standard buffer solution (200 ml) of pH = 8.9, 
and kept in a cool dark place of 10**C. The apparatus for 

45 the crystal deposition is as shown in Rg. 2. for exanple. 
After kept in the cool dark place for 72 hours, the 
sanrples were taken out and crystals of lysozyme were 
observed with a miaoscope. Rgs. 38 to 40 show results 
of the atDove Example. Fig. 38 shows the result of crys- 

50 tallization enploying the silicon substrate of the sample- 
1 . Rgs. 39 and 40 show the results obtained by employ- 
ing ttie silicon substrate of the sample-2. Rg, 39 shows 
the result of crystailization in the high-resistive region 
and Rg. 40 shows the result of crystallization in tiie low- 

55 resistive region respectively. As apparent from the fig- 
ures, crystals of lysozyme deposit in a large quantity on 
the overall surface of ttie silicon substifate in the sampie- 
1 . In the sampie-2. on the ottier hand, a large quantity of 
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crystals deposit on the overall surface of the high-resis- 
tive region sin^larty to the sample-1 . while crystals only 
slightly deposit on the low-r esistive region. 

Example 6 

The hen egg white lysozyme employed in Example 
1 was dissolved in a stsmdard buffer solution of pH = 7.0 
in a concentration of 30 mg/mf. and 5 ml thereof was 
enclosed in a sufficiently boded/washed dialytic tube 
along with a silicon crystal. As such a silicon crystal, the 
following two types were employed respectively: 

(1) Sample of Low Impurity Concentration (High- 
Resistance) n-type Silicon (Sample-1). 

An n-typ>e silicon substrate having a specific 
resistance of about 20 Ocm. 

(2) Sample of n-type Silicon Having Intermixed Low 
Impurity Concentration and High Impurity Concen- 
tration (High-Resistance and Low-Resistance) 
Regions (Sample-2). 

A low-resistive n-type region having a specific 
resistance of about 1 Dcm was fbrnied on an n-type 
high-resistive silicon substrate having a specific 
resistance of about 20 Ocm, by the method shown 
in Fig. 13. As to the high-resistive regions exposed 
in the low-resistive n-type region surface, the size 
thereof was 0.05 \im diameter, and the pitch 
t^etween the regions was 0.5 ^im. The high-resistive 
regions we'^e formed in the low-re^stive n-type 
region alonj the overall silicon substrate surface. 
The thickness of the surface low-resistive layer was 
about3|im. 

The aforementioned silicon crystals (1) and (2) 
were cut into sizes of about 5 mm square respectively, 
and dipped in dialytic tubes containing lysozyme. Fur- 
ther, these dialytic tut>es were dipped in the aqueous 
solution obtained by mixing 200 ml of a standard buffer 
solution of pH s 4.6 and 200 ml of 1M NaCI aqueous 
solution, and k^t in a cool dark place of 10**C. 

After kept in the cool dark place for 96 hours, the 
sanples were taken out and crystals of lysozyme were 
observed with a microscope. Crystals of lysozyme dis- 
orderedly deposited in a large quantity on the overall sil- 
icon sut>8trate surface in the sample-1 . An average size 
of the depositing crystals was about 0.1 mm. In the 
8ample-2, on the other harxf. the quantity of depositing 
crystals l>ecame small, and an average crystal size 
became about 0.3 mm. It is conceivable that a small 
quantity of relatively large-sized crystals were formed in 
the sample 2 t>ecause the formation of the crystals was 
suppressed in ttie low-resistive region while deposits 
sennng as nuclei of crystals selectively aggregated and 
ass»nbled on the high-resistive regions and these grew 
up to the large-sized crystals. 



Example? 

The hen egg white lysozyme employed in Example 
1 was dissolved in a standard buffer solution of pH = 
5 9.18 in a concentration of 30 mg/ml. and 3 ml thereof 
was enclosed in a sufficiently boOed/wvashed dialytic 
tube along with a silicon crystal. As such a silicon crys- 
tal, the following two types were employed respectively: 

10 (1) Sample of Low Impurity Concentration (High- 
Resistance) n-type StQcon (Sample-1). 

An n-type silicon ajbstrate having a specific 
resistance of atx>ut 20 ocm. 
(2) Sample of n-type Silicon Having intermixed Low 

IS Impurity Concentration and High Impurity Concen- 
tration (High-Resistance and Low-Resistance) 
Regions (Sampie-2). 

This is obtained by forming surface regions of 2 
mm squEue in three types of low resistance values. 

20 about 10 Ocm. about 1 Ocm and about 0.1 Ocm 
sequentially on an n-type silicon substrate having a 
specific resistance of about 20 Ocm. as shown in 
Fig. 14. The low-resistance regions were prepared 
on the Ngh-reststance n-type siftsstrate respec- 

25 tiveiy by ion implantation of phosphorus atoms. The 
thickness of tiie surface low-resistance layer was 
about 3 ^m. 

The aforementioned silicon aystals (1) and (2) 

30 were cut into sizes of about 5 by 10 mm respectively, 
and dipped in dialytic tubes containing jysozyme. Fur- 
tiier. tiiese dialytic tubes were dippisd in a standard 
buffer solution (200 mQ of pH = 8.9. and l«apt in a cool 
dark place of 10**C. 

35 After kept in tiie cool dari< place for 96 hours, the 
samples were taken out and crystals of lysozyme were 
observed with a microscope. Rgs. 41 to 44 show results 
of tiie aforementioned Example. Rg. 41 shows the 
result of crystallization enploying the silicon sut)strate 

40 of the sample-1. Figs. 42 to 44 show the results 
obtained l>y employing the silicon substrate of the sam- 
ple 2. and Rg. 42 shows the result in the region having 
tiie specific resistance of about 10 Ocm, Fig. 43 shows 
the result in the region having the specific resistance of 

45 about 1 Ocm, artd Rg. 44 shows the result in tiie region 
having the specific resistance of about 0.1 Ocm respec- 
tively. As apparent from the figures, in the sample-1. 
crystals of lysozyme deposit on the overall surface of 
the silicon the substrate in a large quantity. In the sam- 

50 ple-2. on the other hand, a large quantity of crystal 
deposit on the overall surface of the high-resistance 
region similariy to tiie sanrple-1. while the quantity of 
depositing crystals reduces and the sizes of the crystals 
increase as the regions have lower resistance. 

55 Thus, it is app>arent that the formation of crystals is 
controllable by the valence electron control of a sificon 
sut}strate. on tiiis case, by doping prescrft>ed positions of 
a high-resstance n-type sut^strate with an impurity to 
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prepare low-resistance regions. 
Industrial Availability 

According to the present invention, as hereinabove s 
described, it is possible to overcome the disadvantages 
of the conventional crystallization process which has 
been progressed while repeating trial and error since 
there has been no technique applicable to any sut>- 
stance due to provision of various properties. The io 
present inventon can provide more suitable conditions 
for crystallization of biopolymers such as protein which 
are particularly hard to crystaDize. It is conceivable that 
according to the present invention, conditions of crystal- 
lization can be provided for proteins such as membrane is 
proteins having a hydrophobic region and a hydrophilic 
region, which have heretofore been hard to crystaflize, 
in pEuticular. The preserrt invention can provide corKii- 
tions for readily forming a seed crystal serving as a 
nucleus of a crystal, for example. The obtained seed so 
crystal can be transfened under better conditions, in 
order to form a larger crystal. On the other hand, it Is 
possible to stabilize nudeation in an initial process of 
crystallization, for suppressing and controlling mass for- 
mation of crystallites, according to the present inven- 2S 
Won, In this case, a larger crystal can be formed by 
suppressing the formation of crystallites.. 

The present invention is applied to research, devel- 
opment and production of useful substances, particu- 
larly biopolymers such as proteins, nucleic acids and 30 
the- like, in pharmaceutical industry, food industry and 
the like. According to the present invenlioa it is possible 
to grow a crystal having excellent crystallinity enabling 
X-ray structural analysis. Infonmation obtained as to the 
molecular structure and the mechanism of activity as a 3S 
result of crystal analysis is applied to design and prepa- 
ration of medicine. Further, the present invention is 
applied to purification or crystallization of molecules of 
interest In addition, the application is expected for the 
preparation of an electronic device employing biopdy- 40. 
mers such as proteins in relation to the present inven- 
tion. 

The embodiments disclosed this time must be con- 
sidered as illustrative and not restrictive in all points. 
The scope of the present invention Is shown not by the 4S 
above description but by claims, and it is intended that 
ail changes in the meaning and range equal to claims 
are included. 

Claims ^ 

1 . A method for controlling crystallizaton of an organic 
compound contained in a solvent comprising: 

a step of providing a solid-state component ss 
whose valence electrons are controlled to be 
capable of controlling the concentration of 
holes or electrons of the surfece part in 



response to the environment of said solvent 
containing said organic compound; and 
a step of bringing saki solid-state component 
into contact with said solvent corTtaining saki 
organic compound, for depositing a crystal of 
saki organk; compound on the surface of saki 
solid-state component. 

crystallization of saki or^nic compound being 
controlled by an electrical state generated on 
the surface of said soiki-state component by 
saki controlled valence electrons. 

2. The method in accordance with claim 1 . wherein a 
space-charge layer is formed in saki solki-state 
conrponent. so that crystallization of saki organic 
compound is controlled by a surfiace electric poten- 
tial t)as6d on saki space-charge layer. 

3. The method in accordance with claim 1. wherein 
said electrical state is controlled by the concentra- 
tion of an impurity doped in saki solid-state compo- 
nent. 

4. The method in accordance with daim 2. wherein 
said surface electrk: potential is controlled tsy the 
concentration of an impurity doped in saki solid- 
state component. 

5. The method in accordance with claim 3 or 4. 
wherein the concentratbn of said impurity con- 
tained in said solid-state component varies with the 
surface part and the interior of saki solki-state com- 
ponent 

6. The method in accordance with any of claims 3 to 5. 
wherein the concentration of said impurity continu- 
ously or stepwisely reduces or Increases from a first 
presaibed region to a second prescribed region in 
the surface p€Ul of said solki-state component. 

7- The method in accordance with any of claims 3 to 5. 
wherein the concentration of saki impurity is maxi- 
mal or maximum or minimal or minimum in a spe- 
cific region on the surface part of saki solki-state 
component 

8. The method in accordance with any of claims 3 to 5, 
wherein the surface part of saki solid-state compo- 
nent at least has a first region and a second region 
having different impurity concentrations, and said 
crystallization is facilitated in one of said first region 
and the second region, while saki crystallization is 
suppressed in the other region. 

9. The method in accordance with claim 8. wherein 
said first region and saki second region are two- 
dimensionally an'anged in the surface part of said 
solki-state conrponent 
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10. Themethodinaccoitjancewithanyddaimsl to9. 
wherein said electrical state is varied with the por- 
tion of said solid-state component surlace. thereby 
peffornmg desired crystallization on a speciftc 
region of said solkj-state component surfaca 5 

11. The method in accordance with any of clainns 1 to 

10, wherein sad solid-state component has a 
groove, and the crystal of said organic conrponent 

is deposited in said groove. 10 

12. The method in accordance with any of claims 1 to 

11. wherein said solid-state conrpon^ is a semi- 
conductor substrata 

IS 

13. The method in accordance with claim 12. wherein 
said semiconductor sut>strate has p-n junction. 

14. The method in accordance with claim 11, wherein 
said soGd-state component is a semicorKiuctor sut>- 20 
strate having p-n junction, and said p-n junction 
part is exposed in said groove. 

15. The method in accordance with any of claims 1 to 

14, wherein said solid-state component is a silicon 2S 
substrate. 

16. The method in accordance with any of claims 1 to 

15, wherein said organic compound is a biopoly- 
mer. 30 

17. The method in accordance with any of claims 1 to 

1 6, wherein said organic compound is protein. 

18. The method in accordance with any of claims 1 to 3S 

17, wherein said solvent is an electrolyte solution. 

19. A aystEUBzation control solid-state component 
employed for the method in accordance with any of 
claims 1 to 18, 40 

comprising a semiconductor suk)strate wherein 
an impurity is added at least to the surface part 
so as to generate a prescribed surface poten- 
tial, for controlling crystallization of an organic 4S 
compound contained in a solvent. 

20. The solid-state component in accordance with 
claim 19. wherein said semiconductor is silicon. 

so 
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FIG. 6 
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